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Spates 


OVERWINTERING OF CERTAIN WHEAT PATHOGENES 


By W. HR. Foster. 


Introduction, 


It is important to know in what form and under what 
conditions plant pathogenic organisms overwinter. We have 
relatively little specifie information of this sort for 
pathogenes affecting crop plants in western Canada, a region 
in which the winters are probably as severe as in any other 
large wheat growing area of the world. 

Plant pathogenes may overwinter in vegetative or 
reproductive stages or both. The vegetative stage in 
parasitic fungi consists of a mycelium which may be either 
external er internal; that is, it may develop on the 
surface or within the tissues of the host. Although the 
vegetative myee lium is capable of reproducing the fungus, 
fruiting organs are usually formed. In many of the fungi, 
more than one type of spore is developed. If the pathogenes 
are capable of living over our severe winters it is 
important to know what stage or stages survive. 

The main factors which affect the ability of the 
organisms to survive are the medium in which they live, 


and the environment. Plant pathogenes vary greatly in their 
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ability to live on different substrata. Some organisms 
require living tissue and are called obligate parasites; 
some normally pass through life as parasites but are 
capable, in certain stages, of a true saprophytic existence, 
and there are still others which are facultative parasites. 
Hach of these may assume dormant conditions in various 
stages. Plant pathogenes may overwinter in or on the seed, 
the plant, the soil and the stubble or other dead organic 
material. The character of the substratum and the position 
of the inoculum on or in it, might greatly affect survival. 
Furthermore, some substrata may contain toxic or inhibitory 
substances while others may not. Thus, Kotila and Coons 
(26), in their overwintering studies of the blackleg 
organism, attribute its disappearance to a large extent to a 
lytic principle which they have isolated from the soil, water 
and the plant. 

Environmental factors vary greatly in the different 
wheat growing areas of the world. They fluctuate widely from 
season to season. These factors may have a pronounced effect 
on the pathogenes which attack plants. Temperature for 
inetdtece plays a very important part in the germination of 
spores. It may also directly affect the growth and survival 
of the vegetative parts of a pathogene. Often, the survival 
of a fungus is imperilled by the weather conditions of the 
previous summer and autumn Ghieh pee prevent the formation of 


the very spores by which it normally survives the winter; or 
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such spores may be actually killed. According to Foister 
(13), a hot dry period in 1921 killed all the urediniospores 
of Puccinia glumarum at Cambridge, England, so that during 
the winter and spring of 1922 no rust could be found. Life 
is only possible within certain temperature limits and 
growth has even a narrower range. Moisture may also affect the 
overwintering of organisms. Many bacteria are killed 
instantly by ordinary air drying and the fungi vary greatly 
in their moisture requirements. Humidity affects the 
survival of many fungous spores. Light may also be related 
directly to disease producing organisms. Most bacteria are 
killed by intense sunlight and certain fungous spores may be 
killed by strong sunlight. Other factors such as the rapid 
change from one extreme to another, as intermittent freezing 
and thawing may also be of great importance. In nature, the 


interaction of all these factors determines whether a given 


pathogene will survive. 


Purpose of the Investigation. 


In this investigation an attempt has been made to 
determine the effect of various factors which may influence 
the overwintering of the following wheat pathogenes. These 


are classified according to the diseases caused by them. 


PAPE ANCOR 2 On eet Bae oe ee ee 


eee Se ee ee 
ote oa pats ° 

. bao od blvoe #8 se 
“s ariihr -suitetegsen at 


cals Yau stuteloM .egmer tewottes @ neve ced diwomy — 


peLiie: ets sitetosd yee i: .emeknegyo to gaitedaiwrevo — 


S Ytev feagi ent bas gaivab ake ytenkbro vd vitestems 
Ola esnsiee oi 
igid .aexoge evosnc't qoam to isvivage 
= yitoetsp 
tdgifove as 
sit 28 dove etotoat gente. +t Loma 


Tega yd hetliot } 
2 gaoite yd bolita 
: fase CLace sat as vTedtons of: emo x6 


= veddeiw aeaioteteb etotost eeedt Ile to wottostednl 


dea nt sonst samt Feerg! to: ¢ 


LLiw enegodiag | 


é ob ei. x oe ane {oat Line 


A. Foot- and root-rotting fungi. 
pee Fusarium gramineerum Schwabe 


8% Helminthosporium sativum P. K. & B. 

3. Leptosphaeria herpotrichoides De Not 

4, Ophiobolus graminis Sacc. 

SB. Wojnowicia graminis (McAlp.) Sacc. et D. Sacc. 
B, Black chaff bacterium. 

a. Bacterium translucens undulosum S. J. et R. 
CG. Powdery mildew fungus. 

i. Erysiphe graminis D.C. 
D. Smut fungi. 

ee Tilletia tritici (Bjerk) Wint. 


2. ®ilietia laevis Kuhn 
OVERWINTERING OF FOOT- AND ROOT-ROT PATHOGENES 


Until recent years foot- and root-rot diseases of wheat 
had received little attention in western Canada. However, since 
it has been realized that they are among the worst enemies 
of the wheat plant, more attention has been focussed upon them. 
In the Edmonton district of Alberta they are especially 
destructive in favorable years for their development, as for 
instance in 1927 and 1928. Since the winters of this district 
are usually rather severe it was thought that this would be a 


particularly favorable location for a study of the overwintering 


of these parasites. 
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Literature Review on Overwintering of Foot=- and 
Root-rot Pathogenes of Wheat. 


The root-rot and seedling blight of wheat caused by 
Fusarium sp. develops, according to Dickson (9), from two 
main sources, infected seed and infested soil. He states 
that the mycelium of the fungus hibernates in or on scabbed 
kernels of wheat and the organism also develops as a 
saprophyte on decaying crop refuse near the surface of the 
soil. At St. Paul, Minnesota, Henry's results (19) indicate 
that the mycelium and possibly some of the spores of Fusarium 
graminearum and Fusaria spp.overwinter on debris in the 
soil or on the surface. MacInnes and, Fogelman (27) demon- 
strated that the mycelium and spores of Fusarium graminearum 
may live over the winter in Minnesota if protected from the 
injurious effects of light. Maneval (31) kept ten cultures 
of Fusaria at 10° G, in a refrigerator and they lived from 
five to eight years. Hight of the cultures were viable 
after eight years. Atanasoff (2) states that species of 
Fusarium are remarkably resistant to desiccation and low 
temperatures, and it is supposed that they overwinter in 
winter crops as mycelium, conidia and chlamydospores. Bennett 
(3) states that both Fusarium culmorum and F. avenaceum 


overwinter in diseased material in the granary and in the 


field. 
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Helminthosporium sativum is a widespread and destructive 
pathogene. The initial infection in the field comes from 
inoculum borne by the seed, crop residues, or the soil. 
Christensen (4) states that the mycelium in the seed has been 
shown to remain viable for several years and that spores kept 
overwinter outdoors in moist sand did not germinate in the 
spring. Henry (19) however, found thet a rather high 
percentage of the conidia overwintered on debris in the soil 
or on its surface. Christensen's (5) later results substantiate 
Henry's and show clearly that spores of H. sativum overwinter 
unaer Varying conditions in the vicinity of St, Paul. He 
states that the fungus and spores overwinter in the field 
em eld sivaw, roots, seed and on the remains of erssses. He 
also found that there was a great variation in the percentage 
ef spores that remained viable after being buried at different 
depths in the soil. At Madison, Wisconsin, MeKinney (29) 
showed that the organism survives the winter in the soil and 
will produce infection on wheat plants in the spring. 

Leptosphaeria herpotrichoides is one of the major foot- 
rotting orgenisms of Europe and has been found in Alberta, 
recently, by Henry and Foster (20). In France according to 
Guyot (16) a mild damp winter favors an attack by the pathogene. 
He states also that a general attack of foot-rot is favored by 
high temperatures and excessive precipitation during the 
preceding winter. Foéx (12) observed that spores were set 


free from the middle of August until winter and from the 
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advent of spring until May the following year. Ascospores 
were thus found providing material for infection of both 
winter and spring wheat. 

Ophiobolus graminis causes the disease known as "Take-all" 
whieh is a destructive foot-rot of wheat in Alberta. Both 
Kirby (25) of New York and Davis (7) of Wisconsin report that 
ascospores and mycelium live through the winter. Mckinney 
(29) states that many workers seem to consider that 0. graminis 
tnufects ehiefly, if not entirely, by means of its ascospores, 
but no doubt the mycelium is of importance also especially 
as Kirby (25) and Walters (37) have shown that the mycelium 
ean live saprophytically for.a time at least. Guyot (16) 
states that mild damp winters favor an attack in the spring. 
Kirby (25) found that winter wheat was damaged most and 
considered that the organism lived over the winter on 


infected wheat plants. 
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EXPERIMENTAL RESULTS. 
Overwintering in the Soil. 


In these, as in the other studies of the foot- and 


root-rotting fungi, the following organisms were used: 


Organism Spore forms Source 
produced 
fusarium graminearum Conidia Edmonton 
Helminthosporium sativum Conidia Edmonton 
Leptosphaeria herpotrichoides Ascospores Camrose 
Ophiobolus graminis Ascospores Camrose 
Wo jnowicia graminis Pycnidiospores Hdmonton 


They were in most cases subjected to the same conditions, so 
can be directly compared. Monosporous cultures were grown on 
moist sterilized barley seeds, and this inoculum was added 

$e weeden bexes eof s@il 1' x 1' x 1l*. Yhe boxes were then 
placed outside in a pit, so that the surface of the soil in 
the boxes was level with that of the surrounding soil. Soil 
was then filled in around the boxes. 

Effect of soil type. Six different types of soil were 
used in this experiment. These consisted of the four 
Classified types of Alberta soil as differentiated by the 
Department of Soils, University of Alberta, and in addition 
sand and clay subsoil. These may briefly be described as 


follows: 
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Type 1. Brown soil of the plains region, where the 
average annual rainfall is 12-14 inches. Average organic 
matter content about 4 per cent. Obtained from Brooks. 

Type 2. Dark brown soil of transition area between the 
plains and park belt, where the rainfall averages 14-16 
inches annually. Average organic matter content about 6 per 
cent. Obtained from Kingman. 

Type 3. Black soil of the park belt, where the average 
annual rainfall is 16-18 inches. Organic matter averages 
about 10 per cent. Obtained at Edmonton. 

Type 4. Gray soil of the forest areas, where the average 
annual rainfall is 15-18 inches. Average organic matter 
content neat 10 per cent. Obtained from Cooking Lake 
district. ) 

Type 5. Medium fine building sand. Obtained at Hdmonton. 

Type 6. Clay subsoil. Obtained at Edmonton. 

The inoculum was placed at a depth of four inches in each 
of these soils on November 1, 1928. The boxes were then 
placed outside. On May 1, 1929, the overwintered inoculum 
was brought to the laboratory. That of the spore forming 
organisms was tested for spore germination and that of alli of 
the organisms ore tested for growth on potato dextrose agar. 
The spores were tested on the surface of distilled water in 
Syracuse dishes, while growth tests were made by plating the 
inoculated barley seeds on potato dextrose agar, after 


surface sterilizing them for one-half minute in 70 per cent 
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alcohol. As shown in Table I, all four organisms tested 
survived equally well in all the classified types of Alberta 
soil, that is types 1-4 described above. However, the conidia 
of both H. sativum and F. graminearum from sand gave a higher 
and a more vigorous germination than those from any of the 
other soil types. A corresponding difference was also 
noticeable in favor of the sand, in the plating tests of 
these same fungi. These results agree with Christensen's (5) 
statement that aeration is an important factor in prolonging 
the life of the conidia of H. sativum. 

Table 1. Effect of exposure outside of cultures of foot- 


rotting fungi in different types of soil during 
the winter ef 1926-29, 


Germination 
of Conidia eb _. Growth on,Agar _ 


Treatment | H.sat-; F.gram- L.herpo-~ O.gram—- 
ivum inearun | trichoides| inis 
Soil 
Type 1 Low Low Fair Good 
Type 2 Low Low | Fair Good | 
Type 3 Low Low Fair Good 
Type 4 Low Low | Fair Good 
sand Medium | Medium Fair Good 
Clay Low Low | Fair Good 


Low = 1-10 per cent; Medium = 10-%5 per cent; High = 35-100 percent 


Effect of holding inoculum at different depths in the soil. 


In this experiment Type 3 soil was used. Barley seed cultures 
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were placed on the surface and at depths of 2", 4", 8" and 

12", on November 1, 1928. Viability tests were made as in 

the previous experiment on May 1, 1929. The results of 

these are given in Tabie II. 

Table II. Effect of exposure outside, during the winter 
of 1926-29, of cultures of foot-rotting fungi 


at different depths, and in packed and unpacked 
soil. 


i Germination | 


of Conidia | Growth on &s 


Treatment | F.gram- | F.gram- | 


ey L.herpo- 
inearum | inearum } b 


ichoides 


Depths of ‘i 


Surface | Low 


a8 below Medium -j| Fai 
4" below tes 

8" below | Low 

12" below Low 
Firmness 

Packed 

Unpacked Medium | Low 


Low = 1-10 percent, Medium = 11-35 pereent, High = 36-100 percent. 
All of the cultures showed signs of growth. However, H. sativum, 
F. graminearum and L. herpotrichoides survived better on the 
surface than below as shown by the growth on the agar. Ophiobolus 


from all depths grew well. In the germination tests which were 
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made in Syracuse dishes, the conidia of H. sativum kept on 
the surface of the soil, germinated 40-50 per cent, while 
those kept below the surface germinated less than 10 per 
cent and in most cases less than 3 per cent. At the depth 
of la", H. sativum and fF. graminearum survived better as 
shown by growth on agar and by a slightly higher germination 
of conidia than at 2", 4" and 8" below the surface. 

Effeet of packing the soil, In this experiment Type 3 
soil was used. On November 1, 1928, barley seed cultures 
were placed at a depth of 4" in boxes of this soil. The 
soil in two of the boxes was packed by tamping with a block 
ef wood while in two others it was left unpacked. Viability 
fests were made on May 1, 1929...fhe results are Bien in 
Table II. The survival of HE. sativum, as shown by the growth 
on agar, and germination of conidia, was better in unpacked 
than in packed soil, 

Brfect of soil moisture. Type 3 soil was again used in 
this experiment and the barley seed cultures were placed at a 
depth of 4". The soil moisture in different boxes was adjusted 
to initial moisture contents of 20, 25 and 30 per cent degrees 
of soil moisture which correspond to those commonly obtaining 
in the field at Edmonton in. the fall from year.to. year. 
Christensen (5), Kirby (25), McKinney (29), Davis (7), Russel 
(33), Dosdall (10) and others agree that moisture is an 
important factor in the development and survival of foot-rot 


fungi. The results are given in Table IIl. 
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Table III. Effect of exposure outside, during the winter 
of 1928-29 of cultures of foot-rotting fungi 
in soll of different moisture contents, and in 
soil of different reactions. 


Germination 
of conidia : Growth on agar 


ath Be) = |) P_opan- | sme VE aes bor ae eS eA arta 
ie ie beet Sec cam| aucaeens | teem ok Betpietacs (tte 
Moistures % 
LOW 69 {Low + Poor Falr Good 
Medium 25 |Low Poor Fair Good 
High 30 |Low + Poor Fair Good 


Soil reactio 


Acid Low Poor 
Neutral | Low Poor 
Alkaline | Low Poor 


In these studies variations in soil moisture from 20 to 30 
per cent do not appear to affect the viability or growth of the 
organisms. It should be noted, however, that these moisture 
contents were not maintained after exposure outside. 

Effect of soil reaction. Three degrees of soil acidity 
were tested, namely, acid, neutral and alkaline. Type 3 soil 
was used as the neutral soil and this was mixed with a very acid 
soil for the acid series and with a very alkaline soil for the 
aieetine series. Barley seed cultures were placed at a depth 


of 4". Kirby (25) observed that an alkaline soil produced more 
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Take-all than one which was non-alkaline. Christensen (5) 
observed that root-rot caused by H. sativum wes always worse 
in alkali spots than on land immediately adjoining them. 

The results are given in Table III. They indicate that the 
soil reaction tested had little or no effect on survival 4s 
shown by the viability of conidia of H. sativum and F. 
graminearum and growth of H. sativum, L. herpotrichoides and 
Q. graminis on agar. The survival of F. graminearum in acid 
and alkaline soil, as shown by growth on agar, was better 
than in neutral soil. 

Fungi under Natural 


Overwintering of Foot-rottin 


Conditions on Crop Residues. 


Overwintered wheat stubble from fields badly diseased 
with foot-rots was collected. Spores of three of the foot- 
rotting fungi, nemely, Leptosphaeria herpotrichoides, Ophiobolus 
graminis and Wojnowicia graminis were present on some of the 
collections. These were tested for germination in Van Tieghem 
cells. Pieces of stubble from the various collections were 
surface sterilized and plated out on potato dextrose agar to 
determine the viability of any mycelium present in them. The 
fungi which developed were checked with monosporous cultures 


of the various foot-rotting organisms on the same medium. 
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Table IV. Survival of foot-rot fungi under natural 
conditions on wheat stubble during the 
winter of 1928-29. 


Isolation of 
mycelium 


spore 


Fungus germination 


Fusarium graminearum 


Helminthosporium sativum 


Leptosphaceria herpotrichoides 
Ophiobolus graminis 
Wojnowicia graminis 


4 
{ 


spores and mycelium viable. 
no spores viable. 
- - = no tests made. 


The mycelium of all organisms mentioned in the table 
survived the winter on wheat stubble. A few of the ascospores of 
L. herpotrichoides and W. graminis were viable in the spring, 
but positive results with the ascospores of 0. graminis were not 
obtained. However, there was not a sufficient number of 
representative collections of QO. graminis ascospores tested 
to be sure that these spores do not over-winter. 


— 


Factors Affecting Overwintering of Foot-rot Fungi. 


Effect of low temperatures - continuous and alternating. 


The fact that the various foot-rotting fungi survived the 


severe winter of 1928-29, as has been demonstrated in the previous 
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experiments, indicates that they are very resistant to low 
temperatures. The minimum temperature for 1928-29, as 
shown in Figure I, was “49° By 

In the winter, organisms are exposed to wide variations 
of temperature both above and below the freezing point. 
According to Lambert periods of alternating freezing and 
thawing are apparently a limiting factor in the overwintering 
of urediniospores of Puccinia eraminis tritici. Christensen 
(5) states that a suspension of spores of H. sativum in water 
ean withstand alternating freezing and thawing for a con- 
siderable time. 2 

In this investigation, barley seeds ocean with foot- 
rot pathogenes were kept frozen in ice outside and in the 
frigidaire. Hach morning half of the outside cultures were 
taken in and allowed to melt at room temperature. As soon as 
the ice was melted they were put out to freeze again. The 
remainder of the cultures were kept frozen and tested at 


Varying periods. The results are shown in Tables V and VI. 
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Table V. Effect of continuous freezing of foot-rotting 
fungi growing on sterilized barley seeds. 
| 1 Month 2 Nonths 3 Months 
Organism source Germ, |Growth|Germ.| Growth/Germ. | Growth 
Con- |Myc. Con= |WMyc. Con- |Myc. 
idia idia idia 
F. graminearum | Edmonton + 
Ff. graminearum |St. Paul A 
#. graminearum | Baton Rouge|M + 
H. sativum | Ft.Vermil- + 
ion 
H. sativum Edmonton + 
H. sativum St. Paul “+ 
H. sativum Baton Rouge|High + 
Ee herpotri- Camrose + 
choides | | 
QO. graminis Camrose + 
W. graminis Hdmonton & 


ay. a 


bow, - 1-16 per ,¢eneé, Medium = 10-35 per Gent, High 


Effect of continuous and intermittent freezing of 


foot-rot fungi growing on sterilized barley seéds. 


Table VI. 

Periods Number of 

of testing | times 
frozen and Germ. of 
thawed conidia 

L day BE High 

3 days 3 High 

i we. 6 . (High 

2 wks. 12 High 

43 wks. 18 High 

4 wks. 24 Med. 

6 wks. 36 Low 

8 wks. 40 0 


Continuous freezing 


Veg. Germ. oO 
srowth { conidia 
+ High 
+ High 
+ | High 
+ Low 
+ Low 
‘ 0 
+ 0 
+ 0 


Germination of H, sativum conidia 
Intermittent freezing 
Veg. 


erowth 
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Intermittent freezing was more effective than continuous 
freezing in killing the spores of H. sativum. Continuous 
freezing killed one hundred per cent of the conidia in two 
months while alternating freezing and thawing killed them in 
about three weeks. The mycelium of all these foot-rotting 
pathogenes survived frozen solid in ice for at least three 
months and they withstood alternate freezing and thawing for 
at least forty times during January and February, 1930. 

Germ tubes of H. sativum, only a few hours old, frozen 
in ice in Van Tieghem cells overnight, resumed growth in 
many cases after the ice melted the next day. The temperature 
during the night reached a minimum of 6° F. The svores were 
kept under observation and measured every hour. A large 
number of spores were observed by the use of eight microscopes 
and camera lucida drawings were made of some of them. Plate 
I shows three typical cases. Most of the germinated spores 
resumed growth by branching, but a few like No. 7 in Plate [I 
showed renewed growth after thawing from the tipof the germ 


tubes. 


Adaptation of the Pathogene. 


The ability of an organism to overwinter in northern 
regions might conceivably be due to the occurrence or 
specially cold resistant strains in those areas. In order 
to test this hypothesis for the foot-rot fungi, strains of 


H. sativum were obtained from a number of points distributed 
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Effect of freezing fresh germ-tubes 


of Helminthosporium sativum in ice, 
overnight. 


1-4. Different stages of one 
germinated spore before and after 
freezing. No. 1 shows the stage at 
Which freezing took place; No. 2-4 
show stages of growth after thawing. 


5-6. No. 5 shows the stage at which 
another germinated spore was frozen 

and No. 6 one stage of growth after 

thawing. 


7-8. No. 7 shows the stage at which 
another germinated spore was frozen 
and No. 8 shows renewed growth from 
the tip of the germ tube after thawing. 


othe 


between Fort Vermilion, Alberta, and Baton Rouge, Louisiana. 
These cultures were grown on potato dextrose agar and 
exposed to temperatures ranging from 5 to 359 G. The 
diameters of the colonies were then measured. A battery of 
constant temperature incubators illustrated in Plate Ia and 
wired by the writer proved useful in these experiments. 


Table VII. Reaction of different strains of Helminthosporium 
sativum to different temperatures. 


Source of strains Diameter of colonies in millimeters at 
of H. sativum various temperatures 


Bee polew=netens6%e. 25°cs 50°C. SBE, 


Fort Vermilion, Alberta 11 15 417 - 62 88 62 29 


Berwyn, Alberta 11 16 82 "26 498 9 96 = i 
Eamonton, Alberta (311) 16: 83 @eee 65 & 86 85 
Ohaton, Alberta 12 +5 D4 yas 88 86 26 
Calgary, Alberta 16 25 46 69 88 a7 18 
Brooks, Alberta 1? 26 32 A6 72 65 15 
Claresholm, Alberta 1425. 46. 68 87 = GQ iB 
St. Paul, Minnesota ~ kA seke 37 64 75 76 16 
Baton Rouge, Louisiana Se 1 26 #44 52 58 0 


The figures do not indicate that the northern strains grow 
better at lower temperatures than do those from points farther 
south, The response of the different strains to temperature 
seems to be about the same. Berwyn and Baton Rouge strains 


appear to have a slightly higher optimum than the others. 
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Similar studies were made with three strains of 
Fusarium graminearum, (Table VII, of known pathogenicity. 
These were isolated from wheat heads showing typical scab 
symptoms. It was thought that the Edmonton strains might 
be adapted to lower temperatures than the other strains. 
Table VIII. Reaction of strains of Fusarium greminearum 


from Edmonton, St. Paul and Baton Rouge to 
different temperatures. 


Source of strains of Diameter of colonies in millimeters at 
F. graminearum various temperatures, 

5°6, 10°6..15°C. 20 6.85.6. 66.6, secee 
Edmonton, Alberta 18 28 60 78 90 84 ) 
St. Paul, Minnesota 8 19 30 4.2 72 ..% 68 6 
Baton Rovge, Louisiana 1S 6 26 A2 A” 37 5 


The results show that the Edmonton strain grows more 
rapidly at all temperatures than the St. Paul and Baton Rouge 
strains, but in general the reactions of the three strains to 
different temperatures are similar. 

The effect of low temperature on the strains of H. sativum 
and F. graminearum following exposure to different humidities and 
temperature was also studied. The experiment is described on 
page 31. The results are given in TablesxI and xII. fable Xfi 
indicates that the northern strains of H. sativum do not survive 
better than those from points farther south. The most northerly 
strain from Ft. Vermilion and the most southerly strain from 


Baton Rouge survived better than the intermediate ones. As shown 
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in Table XII, the northern strain of Hf. graminearum from 
Edmonton survived better than the St. Paul or Baton Rouge 
strains. 

The tendency of an organism to produce new strains by 
mutations or hybridization might favor its survival during 
the winter, as some of the new strains might prove more 
hardy than the parental strain. An illustration of the 
possibilities in this is afforded by Ophiobolus graminis. 
During the study of the reactions of the five wheat foot- 
rotting fungi to temperature, Table IX, it was noted that 
mutations occurred frequently in Ophiobolus graminis, Plate 
Ifa), at and near the optimum temperature for its vegetative 
growth. This agrees with Christensen's results (6) with H. 
sativun. 


Table IX. Reaction of five wheat foot-rotting fungi to 
temperature. 


Organism Diameters of colonies in millimeters at 


various temperatures, 
O fe) 
Se de 6. 16 6. 266. 65 6. 30 ¢. 35°C. 


F. graminearum 168 . &@8 60 78 90 84 9 
H. sativum ee 
QO. graminis al ~ B6 ol 67 76 4.0 7 
ie Gempethiencides 10 19 #«+#8 #35 58 20 0 
W. graminis Le Bk 24 39 66 29 0 


One mutant was selected and compared with its parent, 


Plate IIb. Cultures of these were grown on potato dextrose 
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Mutations in Ophiobolus graminis, 
obtained on potato dextrose agar 


ae.e5 6. 


Plate LE. bi. 


Colonies of parent (left) and 
mutant (right) of Ophiobolus 
graminis on potato dextrose agar 
at 29590 C. 
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agar and exposed to temperatures ranging from 5 to 35°C. ‘The 


diameters of the colonies were then measured, 


Table X. Reaction of parent and mutant of Ophiobolus graminis 
to temperature. 


Cultures of Diameters of colonies in millimeters at 


various temperatures. 
fe) O O O 
Be, 10°C, 15°C, 20 6, BS 6, 36 6, 25 6. 


Parent 15 28 46 es 17 og 0 
Mutant 34 er! aye ye Cie eee 0 


a ta 


The results as shown in Table X indicate that the 
mutant grows better at lower temperatures than the parent, 
Plate IIIa. Another interesting temperature relation was 
observed and photographed, Plate IIIb. At low temperatures 
the parent developed a black pigment a day or more before 
the mutant but at the high temperature of 30°C. both of them 


formed black pigments at about the same time. 


Condition of the Pathogene. 


The winter survival of a fungus may be imperilled by the 
weather conditions of the previous summer and autumn, which | 
may weaken it or prevent the formation of the spores or other 
resistant structures by which it normally overwinters. This 
might well be illustrated by the prevalence of Ophiobolus 


graminis in Alberta in 1927, 1928 and 1929. In 1927 and 1928, 
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Plate III.a. Colonies of parent (left) and 
mutant (right) of Ophiobolus 
graminis on potato dextrose agar 
ates Oy 


Plate III.b. Colonies of parent (left) and 
mutant (right) of Ophiobolus 
graminis on potato dextrose agar 
at 30° C. 


environmental conditions must have been favorable for the 
development of this organism because the symptoms caused by 
it were plentiful and considerable damage occurred. However, 
in 1929, conditions must have been unfavorable because the 
typical symptoms were difficult to find. An examination of 
Figure II shows that temperature conditions differed very 
little in the summer months of the three years in question. 
On the other hand, Figure III shows that the precipitation 
for 1929 was much lower, especially for May, June and July. 
This supports Kirby (25), MeKinney (29), Davis (7) and 
Russel (33) in their contention that wet soils favor the 
development of the Take-all fungus. Thus lack of moisture 
may be the limiting factor which may weaken or prevent the 
formation of the spores and mycelium by which the fungus is 
normally able to overwinter. 

It is obvious that the condition in which an organism 
. goes into the winter will affect its survival. The previous 
history, the environmental conditions of the summer and fall 
may have ameffect on the amount and hardiness of the inoculum, 
It was thought that it would be advisable to study the effect 
of exposing the different foot-rotting fungi to variable 
environmental conditions before subjecting them to freezing 
temperatures. In this investigation, the effect of low 
temperature on the five foot-rot fungi and strains of H. sativum 
and F. graminearum was studied following their exposure to 


different humidities and temperatures. 
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1927 1929 


Precipitation at Edmonton, 1926-29, 


Black area indicates the amount of 
rainfall for May, June and July. 
Bach division represents me inch 
of rainiall. 


Figure III. 
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Spaulding and Gravatt (36), Hart (17), Christensen (5) 
and many others have shown that humidity affects the survival 
of fungous spores. Christensen (5) states that the conidia of 
H. sativum can withstand exposure to low temperatures for 
considerable periods if the relative humidity is low. 

Cover slides and wheat hulls coated with acid agar were 
placed on petri -dish cultures until they were overgrown with 
mycelium. The slides were then placed in test tubes containing 


the following saturated solutions: 


Saturated Solution Bo atte 
% 
Water, distilled H.0 100 
sodium chloride Nacl pe 
Copper nitrate Cu(NOz)o 45 
Calcium chloride CaCl, ; 26 
Sulphuric acid H,SO, Sp. gr. 1.84 Qo 


The test tubes were then sealed with non-absorbent cotton 
and paraffin and placed in the constant temperature chambers 
from 5° to 35°C. for Varying perieds of time. _ The cultures 
were then subjected to =5°C, also for varying periods. The 
results are given in Tables XI, XII and XIII. 

In these experiments, the gal tees marked as having 
been killed were, according to viability test, dead before 
exposure to abe, The cultures kept at the high temperature 


of 35°C, and at high humidities were the first to die. 
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Table XTII. Effect of low temperature on IF. graminearum, H. sativum 
| and L. herpotrichoides following their exposure to 
different humidities and temperatures. 
Exposed for 1 month before freezing 
Temperature °C. 15°C. 20, Os ) 55° 6. tila 


Humidity % 0 26 46 73 DOJO 26 46 73 DOJO 26 46 73 10040 26 46 73 100 


Organisms 


F. graminearum 


H,. sativum 


L.herpotrichoide q+ 


All of the cultures kept at 5° ta 25°C. and at relative 
humidities of 0 to 100 per cent for one month survived 
exposures of ~5°C. At the end of three months all the culture 
kept at 35°C. were dead, and at 25°C. the cultures were dead 
at the high humidities, The remaining cultures kept for three 
months all survived. Table XIII indicates that the relative 
resistance of the following organisms are arranged in their 


ability to survive as follows: H. sativum, F. graminearum and 


L. herpotrichoides. 
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OVIERWINTERING OF BACTERIUM TRANSLUCENS VAR. UNDULOSUM 


The above organism causes a bacterial disease of wheat 
known as Black Chaff, a disease which is now quite 
prevalent in Alberta. This diséase was first described by 
Smith (34) in the United States. Little further 
pathological work has been published on Black Chaff. Smith 
states that Bacterium translucens var. undulosum is 
remarkably resistant to sunlight and dry air, remaining 
gilive and infectious on dry seed for a year. Nothing, 
however, is said regarding the overwintering of the organism 
in the.open. 

In this investigation an attempt was made to learn 
something of the conditions under which this bacterium may 
survive the winter at Edmonton. On November lst, 1929, 
inoculum consisting of heavily infected heads and culms of 
Marquis wheat was deposited at different depths in the seil 
in wooden boxes which were buried to soil level. The 
inoculum on the surface was examined every month and 
plated out on potato dextrose agar. Data on the inoculum 
kept below the soil surface will not be taken until May 1, 
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Table XIV. Viability tests of Bacterium translucens var. 
undulosum kept on the surface of the soil at 
Hdmonton in naturally infected heads and 
culms of wheat from Nov. 1, 1929, to April 1, 


Lose. 
Date Viability of the Bacterium 
Nov. L - 
Dee. 1 : 
Jan 2 | + 
Feb. 1 
March 1 + 
April 1 + 


+ = typical colonies of Bacterium translucens 
undulosum recovered. 

As indicated by Table XIV B. translucens undulosum 
remained alive throughout the winter at least until April 
1, in dead wheat tissues kept on the surface of the soil. 
Recovered colonies were compared each time with colonies 
of the organism isolated from check material kept inside 
and appeared identical in all cases. 

Another experiment was made to determine the effect 
of continuous and intermittent freezing on the viability 
of this organism. The results are presented in Table 
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Table XV. Effect of continuous and intermittent freezing 
on the survival of B. translucens undulosum in 
dead wheat tissue. of 


No. ef Method of freezing 

freezings 

and Continuous Intermittent 

thawings 
1 day Al + a: 
4 days 3 + + 
cL WE. | 6 . + 
2 wks. 12 + + 
3 wks. 18 + + 
4 wks. 24 + + 
6 wks. 46 | + ae 
8 wks. 40 “i + 
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It is clear from the above table that the Black Chaff 
bacterium survived two months of continuous freezing, and 
alternating freezing and thawing for at least forty times 


during January and February of 1930. 
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OVERWINTERING OF ERYSIPHE GRAMINIS. 


Erysiphe graminis occurs quite commonly in Alberta 
especially on winter wheat, but its method of overwintering 
here is not definitely known. 

In summarizing the methods of overwintering of powdery 
mildew fungi Heald (18) states that, 


"the perithecia in most cases are overwintering 
fruits, the ascospores being able to germinate 
after being exposed to winter temperatures. 

in a few species the ascospores may be ejected 
in the fall under favorable conditions of 
moisture and temperature and germinate at once, 
but the general period for ascospore expulsion 
is during the warm spring rains.----- Tt is 
known that some powdery mildews, especially 
certain species attacking woody hosts, can 
survive without the production of perithecia.--- 
Hven in certain speeies in whieh.the perithecia 
are commonly formed, it is the belief that 

they play a minor part in carrying the fungus 
over the winter. in such cases the dormant 
mycelium either hibernates in the winter. buds 
and resumes activity when buds open in the 
spring, or.speeial eclls are. formed. which are 
highly resistant." 


The conidia are normally short lived and are not ordinarily 
able to survive the winter. 

In order to determine how Erysiphe graminis overwinters 
at Hdmonton, conidia, mycelium and perithecia were examined 
periodically. The conidia were not only very difficult to 
find late in the fall, but did not germinate on or after 


November the lst as shown in Table XVI. 
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Table ZVE, Viability tests of conidia of Erysiphe graminis 
from collections made in the field at Edmonton. 


Date Germination of conidia 


7) 


eet. 1 ik 
HEV, @ 
Dec. L @) 


The viability of the mycelium was tested by bringing in 
from the field numerous leaves of winter wheat, many of which 
were infected in the fall, and keeping them for several days on 
moist filter papers in petri dishes. Examination of a large 
number of leaves as shown in Table XViI indieated that 
mycelium did not grow and develop conidia. Furthermore, 
powdery mildew did not appear on winter wheat until June 11th, 
in 1926 and June 15th, 1929, which indicates that the 
mycelium does net Live over the winter. 


Table XVII. Viability tests of mycelium of Erysiphe graminis 
; from collections made in the field at Edmonton, 


Date Growth on leaves 
Get, 2 ~ 
Dee. 1 | 2 - 
gen, 1 - 
Feb, 1 - 
Mar. 1 = 
Mey 1 - 


June 1 - 
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Perithecia were brought in from the field at vipiens 
times throughout the fall and winter, crushed and examined 
under the mieroseope. No differentiation of the asci 
occurred during this period. About the middle of May, 
however, the asci began to differentiate and by the 
middle of June numerous mature ascospores were found (Plate IV). 
In the spring, infection was first observed on wheat nearest 
the winter wheat plot bearing the overwintered perithecia, 
It appears from the observations made that Erysiphe greminis 
overwinters at Edmonton, only in the perfect stage, 


Table XVIII. Development of ascospores of Erysiphe graminis 
in the field at Edmonton. : 


Date Ascospores formed 
Oet. Ll ad 
Nov. 1 = 
Jan. 3 = 
Feb, 4 7 
March 1 ~ 
April. 1 = 
May 1 bs 
May 15 + 
June 1 + 
June 8 ++ 
June 15 +4 
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Plate IV. Differentiation of ascospores in . 


of Erysiphe graminis. 


Lower left-hand corner; ascus with 
eight ascospores, showing the degree 
of differentiation found in late May 
following rain, 


Lower right-hand corner; undiffer- 
entiated ascus, the type found in the 
fall and throughout the winter. 
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OVERWINTERING OF TILLETIA TRITICI AND TILLETIA LAEVIS 


Bunt or Stinking Smut of wheat in Alberta may be caused 
by either Tilletia tritici or Tilletia laevis, but the 
former species is the more common. The disease was unusually 
prevalent in western Canada in 1929 especially on winter 
wheat. 

The bunt fungi are known to commonly overwinter in 
western Canada in the form of chlamydospores adhering to the 
surface of the seed. Experimental evidence, however, is 
lacking to prove whether soil-borne chlamydospores overwinter 
in western Canada. Woolman and Humphrey (38) have 
demonstrated in the Palouse mericn of Idaho and Washington 
Oregon and California, that soil-borne spores may cause a 
. smutty crop of winter wheat even though the seed is carefully 
treated. However, when spring wheat is sown on similarly 
infested soil the crop remains practically bunt free, 
indicating that the spores do not survive the winter in the 
soil in that region. In western Canada, where conditions are 
considerably different, aiissow and Gonners (15) state that 
as a rule threshing is done so late in the fall that the soil 
is too cold to permit the germination of any spores which are 
soil borne; and that these loose spores as well as the spores 
in smutted heads and unbroken bunt-balls which have fallen to 
the ground during harvesting, may remain viable throughout the 
winter and cause infection the following year. They further 


state, however, that the effectiveness of seed treatments in 
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controlling bunt indicates that infection from spores which 
have overwintered does not commonly occur. 

Bunt spores may germinate in the soil and infection of 
nearby seedlings may take place if conditions are suitable. 
The spores germinate at temperatures as low as 5°C. and as 
high as 25°C. Hungerford (23), Gibs (14). Gussow and Conners 
(15), Heuser (21) and others agree that the optimum 
temperature for infection is about 9° to 129°C. Faris (11) 
states that temperatures ranging from 5° to 15°c. are highly 
favorable for infection by either species. Woolman and 
Humphrey in 1914 obtained over 80 per cent infection at the low 
temperature of 3.6°C. Moisture also bears an important relation 
to the germination and survival of bunt spores. Hungerford's 
work (23) indicates that bunt spores present in the soil in the 
Pacifie Northwest from a previous year will not Femain viable 
till the following spring regardless of moisture. Foister (13) 
quotes Mackie to the effect that bunt spores need 14 per cent 
soil moisture in order to germinate. Woolman and Humphrey (38), 
Appel and Riehm (1) and others state that overwintering of free 


spores does not occur. 


Experimental Results. 


On September 6th, 1928, bunt spores were distributed both 
in rows and broadcast in field plots at Edmonton. Disinfected 
Kharkov winter wheat was seeded in half of the plot and on 


April 26th, 1929, the remaining half was sown to Marquis wheat. 
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Temperature and moisture conditions were highly favorable 


for infection both in the fall and spring. 


When the grain 


was nearly mature, the percentage of bunt was recorded and 


specimens were collected to determine the species that 


overwintered. 


Table Xix. Effect of soil infestation with bunt spores 
on the development of bunt in winter and 
spring wheat. 


Seed soil treatment Winter wheat Spring wheat 

Treatment Per cent Percent heads 
heads infected 
infected 

Check No inoculum 0.0 0,0 

Untreated inoculum added to rows 14.0 0.0 

Copper. Carbon- inoculum added to rows 9.7 0,0 

a inoculum added to rows 10.0 0.0 

Hot water inoculum added to rows 10.0 0.0 

Check No inoculum ee 0.0 

Untreated inoculum broadcast« 1369 0.0 

Copper Carbon- inoculum broadcast<. 8.9 0,0 

oibt. Ff inoculum broadcast’: 10.7 0.0 

Hot water inoculum broadcastc 2 6 .0 0.0 


From Table XIX it will be noted that winter wheat became 


infected with bunt when sown in soil infested with bunt spores 


while spring wheat did not. 


Soil-borne spores of both 


Tilletia tritici and Tilletia laevis caused infection of 
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winter wheat. The bunt spores evidently did not survive the 
winter in the soil, but the mycelium in winter wheat plants 
readily overwintered. It is also of interest to note that the 
infection of winter wheat was practically as high on the plots 
where the spores were broadcast... as on those in which the 
spores were deposited in the rows where the seed was sown. 
There seems, therefore, to be a possibility of winter wheat 
becoming infected with bunt in Alberta from soil-borne spores. 
Seed treatment as shown by Table XIX will not prevent this 
type of infection. The greater prevalence of bunt in winter 
wheat in Canada as compared with spring wheat may be partly 
accounted for by the above results. According to estimates 

of the Board of Grain Commissioners of Canada there was 
proportionally seventy, fifty and eighteen times as much bunt 
in winter wheat in 1926, 1927 and 1928 respectively, in Canada, 
as in spring wheat. Furthermore, contrary to statements of 
Gussow and Conners, fall conditions at threshing time are often 
favorable for infection of winter wheat. Thus the mean monthly 
air temperature for September at Edmonton for the last forty- 
seven years was 50°F. and according to Gussow and Conners 
maximum bunt infection occurs at 46-50°F. Figure IV shows 

the soil temperature 2" below the surface for the last three 
weeks in September 1928 was semeetat higher than the optimum. 
Tt appears that temperature conditions in the fall at Edmonton 


are generally favorable for infection from soil-borne bunt 


spores. 
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Fieure iV. Seil temperatures at Edmonton 
taken 2 inches below the surface 


during the last three weeks of 
September, 1928. 
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oummary . 


ay The foot- and root-rotting pathogenes, Fusarium 
graminearum Schwabe, Helminthosporium sativum P. K. and B., 
Leptosphaeria herpotricholdes De Not, Ophiobolus graminis 
Sacc. and Wojnowicia graminis McAlp., Sacc. and D. Sacc, 


survived the severe winter of 1928-29 at Hdmonton, Alberta. 


B% The mycelium of these five fungi survived the winter on 


barley seeds and on wheat stubble. 


3 Spores of H. sativum, F. graminearum, L. herpotrichoides 
and W. graminis were viable in the spring after overwintering 


in the open. 


4, Four of the foot-rotting fungi survived equally well in 


all the elassified types of Alberta soil. 


a. Well aerated soil, such as sand and unpacked soil, 


favored the survival ef the conidia of He sativum. 


6.  F. graminearum, H. sativum and L. herpotrichoides 


survived better on the surface of the soil than below. The 
eonidia of UH, sativum survived much bdétter on the surface 


than underground, 


as Strains of H. sativum and fF. graminearum from northern 
latitudes did not grow better.at low temperatures than 
southern strains nor did they show any consistently greater 


resistance to freezing temperatures. 
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So. Mutations arose frequently in Ophiobolus graminis at or 
near the optimum temperature for its vegetative growth 20-25°C. 
A selected mutant grew better at the low temperature of ae. 


than its parent. 


oy Alternating freezing and thawing was more effective in 
killing the spores of H. sativum than continuous freezing. 
Continuous freezing killed one hundred per cent of the spores 
in two months while alternating freezing and thawing killed 


the spores in three weeks. 


10. Mycelium of all these fungi in inoculated barley seed 
survived, frozen solid, for at least three months. They also 
survived alternate freezing and thawing for at least forty 


times during January and February of 1930. 


tl. Germ tubes of i. sativum only a few hours old survived 
freezing solid overnight. Renewed growth after freezing was 


usually branchineg,. butin seme cases from the tip. 


fe) 
12. All of the cultures kept at 5° to 25 €. at relative 
humidities from 9 to 100 per cent for one month survived 


exposures of different lengths to -~5°C, 


a. Bacterium translucens undulosum, in plant tissue, 


survived the winter of 1929-30 at least until April l. 


14. In plant tissue, Bacterium translucens undulosum 


survived alternate freezing and thawing for at least forty 


times. 
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15. The conidia and mycelium of Erysiphe graminis D.C. 


did not appear to overwinter. 


16; irysiphe graminis appears to overwinter in the 


perfect stage at Edmonton, Alta. 


a, The-bunt fungi; Tilletia-tritiei and Tilletia laevis 


overwintered at Hdmonton as mycelium in winter wheat. 


ue. seit -bermne spores’ ef Tilletia tritici and Tilletia 


laevis did not survive the winter of 1928-29 at Edmonton. 


wD Temperature at threshing time in the fall at Edmonton 


is favorable for the germination of soil-borne bunt spores. 


Acknowledgement. 


In conelusion the writer wishes to express his 
thanks to Dr, A, W. Henry for his eritieism and helpful 
suggestions throughout the course of the investigation and 


in the preparation of this manuscript. 


sori aotaiw. aE mwELe 


Fue 1 e 
ombe 38 ce eaeL to aaonew ‘edt ovivase tom BED e etvoa! 


pees omit 


be edt note 


STE S of eedalw met 


(1) 


(2) 


(4) 


(5) 


(6) 


(7) 


(8) 


51?) 


(10) 


(11) 


(12) 


- 50 = 


References. 


APPEL, OTTO and RIEHM, EDUARD. Zur Frage der 
Uberwinterung des Steinbrandes im Boden. Mitt. K. 
Beol, Arist. Land. Forstiv, Hert, 15:6. 1914, 


ATANASOFF, D. Fusarium blight of the cereal crops. 
Medececel Sanabou Whoogeschool, Wagengen. 27:1-132. 
ADS. BEV. Of App. Mye. 3:201. 1924. 


BENNETT, F.F. Two species of Fusarium, F. culmorum 
and Ff. avenaceum as parasites of cereals. Ann. 
ef Appl. Biol, IS; 213- e244. 1928, 


CHRISTENSEN, J. J. Studies on the parasitism of 
Helminthosporium sativum. Minn. Agr. Exp. Sta. 
feeh, Buel, Ll, .2920. 


. Physiological specialization and 


parasitism of pe Deu ches porlua sevivur. Minn, Agr. 


Exp, Ova. Teck, Bul. 37. 19246. 


- The influence of temperature on the 


frequency of mutation in Helminthosporium sativum. 


Phytepath. 19:155-162, 1929. 


DAVIS, RAY J. Studies on Ophiobolus graminis, Sacc. 
and the take-all disease of wheat. J. Agr. Res. 
$1:801-825, 1925. 


DEMOUSY, E. Le resistance des micro-organisms du sol 
aux bases temperatures de l'hiver. 1928-29. Annales 
de la Science Agronomique. 46 Annee:395-400. 1929. 


DIGESON, d..6. -influenee of soll temperature and 
moisture on the development of seedling blight of 
wheat and corn caused by Gibberella saubinetii. J. 
Ager, Res. 23:9237-870. 1924. 


DOSDALL, LOUISE. Factors influencing the pathogenicity 
of Helminthosporium sativum. Minn. Agr. Exp. Sta. 
Tech. bal.s, £7 . 


FARIS, J. A. Factors influencing the infection of wheat 
by Tilletia tritici and Tilletia levis. Mycologia 
16:259-282. 1924. 


FOEX, E. Quelques mots sur les modes d'hibernation des 
Erysiphacees. Congres Path. veg. Centenalirede Pasteur 
Strasbourg 37-41. 1923. 


Tod onan sere Be sth CAAUGR B MEHATA. 
¢eiM eho mi aebastetiete Pe urTod 
.dfel .8:0L .dT0H Thtereh Ried, .Femk 5 


9 [geteo edd to digiid oes seut en gs \wtoea 
[:98 ,sepcegsW ,loodosesoonW sogsaes feoscebeli 
peel LORE ON ail to vol. | 


foo .t welaeeut to aeloege - a Ton 
peer -alSo190 TO eetiested es myeosners | <= bas > 
, Shed obi eis: ‘OL. . te te com te 


oe ef a ote guy se mui zodeostatmie! “— 


ohtabr is tseas tsoigolotaydd - 


Adi .apeitee mus cogaods mimeo TO mali restag 
oar ve - 


tus steqmed ‘fo sooner ltiat oft oe 
itse myitoga ama it ‘collet iQ Toneupext 
ge esel Ln@eL: -. anes at - 


_Sigimen aufodoid KO 6 aeibute oo Yaa ervaa 
on 13h .b . deedw Te ae Lia-sxdet ont bas 
Lk oe ee 1 888-Lo8rLe 


eo er 29 ecnktar en od ye vevowma 
. €8-8EeL wevid' £ se Sea Riensed ened pail 
.003~ SEE: Senna On Se 86. 


wa les an 


(13) FOISTER, C. E. The relation of weather to plant 
diseases. Conf. of myatne Meteorologists. Agr. 
Sect. 168-215. 1929. 


(14) GIBS, W. Modifications in susceptibility to Bunt due 
to external conditions. J. fur Landwirtseh 62:11-124. 
Abs, Rev. App. alfye 14:86. ,.1925. 


(15) GUSSOW, H. T. and CONNERS, I. L. Smut diseases of 
cultivated plants. Dom. of Canada Dept. of Agr. Bul. 
Sie: AIEe. 


(16) GUYOT, T. Le pietin des cereals. Prog. Agr. et Vela. 
18:3435-438. 1929. 


(17) HART, H. *. Factors affecting the development of Flax 
Rust," Melampsora lini. Phytepath. 16:185-205. 1926. 


(18) HEALD, F. D. Manual of Plant Diseases. McGraw-Hill 
Book Ce,, New: Yorks: 1926. 


(19) HENRY, A. W. Root-rots of wheat. Minn: Agr. Exp. Sta. 
Tech. Bal. 22." 1924. 


(20) and FOSTER, W. R. Leptosphaeria foot-rot 
of wheat in Alberta. Phytopath. 19:689-690. 1929. 


(21) HEUSER, W. Versuche uber den Einfluss ausserer 
Bedengangen auf die Starke des Steinbrandbefalls des 
Weizens. Abs. Rev. App. Myc. 1:379-380, L928% 


(22) HILLIARD, C. M. and DAVIS, MILDRED A. The germicidal 
action of freezing temperatures upon bacteria. J. Bact. 
3:423-431. 1918. ; 


(23) HUNGERFORD, C. W. The relation of soil moisture and 
soil temperature to bunt infection of wheat. Phytopath. 
12:327-352. 1922. 


(24) JORDAN, E. 0. General Bacteriology. W. B. Saunders Co., 
Philadelphia. 1926. 


(25) KIRBY, R. S. The take-all diseases of cereals and 
grasses caused by Ophiobolus eariceti. (Berkeley and 
Breeme) Sace. Cornell Agr. Exp. Sta. Mem. 8S. 1925. 


(26) KOTILA, J. E. and COONS, G. H. Investigations on the 
blackleg disease of potatoes. Mich. Agr. Exp. Sta. 
Tech. Bul. 67. 1925. 


(27) MACINNES, JEAN and FOLGELMAN, R. Wheat scab in 
Binneseta. Minn. Agr. Exp. Sta. Teeh. Bul. 18. 19283. 


»CSCL .ef8-60L .foee 


Ue: errr cee euolgaott belt aa palo; 


eS xiwbtal wt .t .easoittbaes Iearetxe of 
. ,@90L. , 66s. aaa, cael . Ven .2add. 


2sealb dime «1 +i ,@HaOD . ioe 


; . ,WoeeuD 
+o .¢Ged. shaned. to mod Set weld segpbtetze 


Tad .30To.. .eleetes aeb “ * my ee 
| .  BERASED EL 


jiemgoleveh eft gnttoelts “grovel 2 oH* TRAN 
-AO£:8i . discoryss .igil atoedms i8 B, teu 


oll .aeasaeid Ynstt 4 dane e148 (IIASA 
| . ogel TOY woll ues wooed 


igh <nil .tsedw Io edvert-foot--;W -s Yee 
.S8¢f 688 .fvG .dool 


Sitesdgeods fi .W ,fetact bas 
fh i Fiabodaea .eitedfa ai taedw To- 


teeaue eavltaia seb ted efoetev .W ,fmeuah 
redbusitaliele aeb existe oth tus. reaiagce bod 
Sh ies , O8E- eves t (OUM Ga . Ve .ada. _- areslow 


63 6d? .A GHGGITM ,STVAM Bos’ .M . HAT.IITH 
itefoad ee 20 1d atogmed gaigooxt £0 moltos . 
ae ee OTel . LES-fES te 


deiom [foa to nétteie® oat St ie CHOTAEONU 
.csetw he neitoetat ae ot ews steqmet fLioa 
oe we Kae ice aS 


oa. ; gerowmrene 7 onep 0 cm mAGRO 
oS "ORE L | bsiteba la 


Igetoo.%o « 25 asealh. Lig-odet 
enktsa ¢ au 6 
Wace on tas) 2 


(a0) 
(2L) 


(of) 
(e£) 


{8L) 


(@L) 


(os) 


(£3) 
(83) 


(eg). 


gay 


ee és) a 


(28) MAINS, E. B. Wheat resistant to mildew Erysiphe 
graminis. Abs. Phytopath. 14:48. 1924. 


(29) ICKINNEY, H. H. Foot-rot diseases of wheat in America. 
Us SS. Dept. of Aer. Bul. 1347. 1925. 


(30) end DAYIS, RR. J. influence ef soil 
temperature and soil moisture on infection of young 


wheat plants by Ophiobolus graminis. J. Agr. Res. 
31:827-840. 1925. 


(31) MANEVAL, W. E. Longevity of cultures of Fusarium. 
Phytopath. 408-410. 1924. 


(32) RABIEN, H. Ueber Keimungsund infeecklins bedingungen 
you Filletia tritiei. Abs. Rev. of App. Mye. 7:83. 
1927. 


(33) RUSSEL, R. C. Take-all. Dom. of Canada Dept. of 
Aer, famph. 85, 1927. 


(34) SMITH, BE. F. Anew disease of wheat. J. Agr. Res. 
16:51-52. 1917. 


(35) . Bacterial Diseases of Plants. W. B. 
Saunders Co., Philadelphia. 1920. | 


(36) SPAULDING, P. and RATHBURMGRAVATT, A. Conditions 
antecedent to the infection of White Pines by 
Cronartium ribicola in the North Hast United States. 
Phytopath. 15:573-583. 


(37) WATERS, R. Take-all disease of wheat. New Zeal. J. 
Aer. 20:287=-888, 1920. } 


(38) WOOLMAN, H. M. and HUMPHREY, H. B. Studies in the 
physiology and control of bunt, or stinking smut of 
wheat. U., &. Dent. of Agr. Bul. 1239.. 19284. 


SL ee Ae Pr) re at) - Re RS oe ee eee . 


at ¢sede to aesonih dadodeet: i. el ” seme ‘ 


eae .Saer . ted Tei dl ne sted so a 


te) Sena Me | rma ‘Bie 2 aa 
-o gottoetai no euptetom fioe bas TEL TE 
Tok. t Blume aulere de T° Gaotveeste 


fase LO sout lve to ud tveanod ae “vei 
ied JASQE , OLBa80R dgagoryat 


(rhbed. eniinoetis Saivegnumfor redely .H ,MaTSAR 
ote .oge to , Vee. 9 eda vhOL PSE pive ltt 


toed eben Yo. , med beh yes a BS _teeaus 


Tse 68 _teodw ba sescalb. wen A tg oT arti 
otpe ed Ie ecesoaid _Letwet ost 
SUS gee OS eL 


bee 


Aron ek wf PAY F ASRS : ; ah 


E ae 
sone Seti To menaeve ae ox sceawesta 


Liss 
rd d 
—. 

ee 


aS wor  faode to saseaie fis-eastT « 
+ OSGL- ~ See 


if eelbets oo | OM edie Me 
2 Brrmaise 16 a “Ge ren ane 
-PROl -. Beat: . Lue ee to. «Faw 


ies eek 


LEU ee dvron exit \ JS SSS 


(es) 


(0) 


(£8) 


(88) 


| bas 2 glee ; - 


pec ean 


x 
See 


us 


; 
eine 


a 


oy 
<4 


